A pyridine-based diacid containing ether linkage was synthesized via reaction of 2,6-dichloropyridine with 3-hydroxybenzoic acid in presence of potassium hydroxide in dimethyl sulfoxide (DMSO). The corresponding diacid chloride was synthesized by reaction of the diacid with oxalyl chloride. New poly (amide-ether)s were prepared by solution polycondensation reaction of the prepared diacid chloride with different commercial aromatic diamines. The synthesized polymers were characterized by elemental analysis, IR, and 1 H NMR spectra, wide-angle X-ray diffraction, thermogravimetric analysis (TGA), differential scanning calorimetry (DSC); inherent viscosity and solubility were studied. These polymers showed high thermal stability and good solubility.
Introduction
Wholly aromatic polyamides are thermally stable polymers with attractive physical and chemical properties [1, 2] . One of the problems with high temperature polymers, especially rigid rod polyamides, is their poor processability caused by low solubility in organic solvents and high melting or softening temperatures. One approach to improve the processability without changing their outstanding properties is to introduce an ether linkage into the backbone to increase the overall chain flexibility. The introduction of flexible linkage into the main chain of aromatic polymers greatly enhances molecular mobility and provides better solubility and lower glass transition temperature [3] [4] [5] . Recently, synthesis of new polyamides with heterocyclic rings in the main chain has been reported. These heterocyclic moieties have polar groups, importing an additional dipole moment to the molecule, so that they can interact with each other and alter the properties of the polymers [6, 7] . Polyamides containing pyridine rings have been synthesized and it has been shown that the interaction of pyridine rings in the aromatic polyamide backbone usually enhances their thermal stability, solubility, and adhesion to metals [8] [9] [10] [11] .
This study reports synthesis of eight new poly(amide-ether)s containing pyridine rings. For this purpose, 3-hydroxybenzoic acid was reacted with 2,6 dichloropyridine in the presence of potassium hydroxide in dimethyl sulfoxide (DMSO) to produce 2,6-bis(3-carboxyphenoxy) pyridine (DA). DA was converted to its diacid chloride derivatives (DAC) using oxalyl chloride in dichloromethane. Solution polycondensation reactions of DAC with different diamines in the presence of triethylamine in DMAc resulted in different poly(amide-ether)s.
Results and discussion
Reaction of 3-hydroxybenzoic acid with 2,6-dichloropyridine in DMSO in the presence of KOH is presented in Scheme 1. Initially, one mole of 3-hydroxybenzoic acid reacted with 2 moles of KOH to produce a dianion. Dichloropyridine underwent nucleophilic displacement of chloride ions by phenolate anions formed from 3-hydroxybenzoic acid to yield the diacid monomer. The role of the dianion pair was important. The sodium salt of 3-hydroxybenzoic acid could not react with dichloropyridine. A potassium ion was the desired ion pair for the aromatic substitution reaction because the potassium phenolate anion is more nucleophilic than the sodium salt.
Protonation of pyridine rings was a problem. At the end of the substitution reaction, the mixture was dissolved in water and neutralized with hydrochloric acid until pH 3 was reached. The final pH of the reaction mixture was an important factor; more acidic medium caused protonation of pyridine rings. As a result, the diacid monomer was contaminated with pyridinum salts.
The FTIR spectrum of diacid monomer (DA) showed characteristic acid group bands at 3400-2400 cm -1 (O -H stretching), 1701 cm -1 (C=O stretching) and 1226 cm -1 (C -O stretching of the ether linkage), and 1260 cm -1 (C -O stretching of the carboxylic acid) (Fig. 1) .
1 H NMR spectrum of DA indicated very broad acidic proton at 13.1 ppm. It was exchanged with water in DMSO-d 6 . Aromatic protons are shown in Fig. 2 . Also, DA showed a molecular ion peak in its mass spectrum. Elemental analysis of DA was as follows:
C.H.N.: C, 64.72% (64.96%, calculated); H, 3.70% (3.70%, calculated); N, 3.61% (3.98%, calculated). Diacid chloride derivatives were prepared by oxalyl chloride (Scheme 2). Hydrogen chloride gas evolved during the reaction and an oily brown compound formed which was crystallized from toluene and dichloromethane. The 1 H NMR spectrum of this compound indicated aromatic protons in the range 6.7 -8.0 ppm as follows: 7.7-8.0 (m, 5H), 7.3 -7.5 (m, 4H), 6.7 (d, 2H). The FTIR spectrum of diacid chloride showed a characteristic band of acid chloride group at 1751 cm -1 . There was no sign of acid or anhydride band in FTIR spectrum of the diacid chloride monomer (Fig. 3 ). Scheme 2. DAC Synthesis.
Fig. 3. FTIR Spectrum of DAC.
A model diamide (MDA) was prepared to obtain information about the characterization and method of preparation of polyamides. MDA was prepared by reaction of aniline with DAC via low temperature solution condensation in high yield (Scheme 3). The FTIR spectrum of MDA showed 3382 cm -1 (N -H stretching), 1650 cm -1 (C = O stretching), 1259 cm -1 (C -O stretching), and 1596 cm -1 (N -H bending). The 1 H NMR spectrum of this compound indicated a peak at 10.2 ppm, which is characteristic of amidic N-H. Also, a base peak at m/e = 409 was observed on the mass spectrum, which is the result of cleavage of the N-C amidic bond or C 6 The solubility behavior of the polymers was examined in different solvents are shown in Table 2 . The polymers were readily soluble in polar aprotic solvents and with heating in a less efficient solvent such as m-cresol.
Thermal behavior and properties of the polymers were studied by DSC and TGA. DSC was used to evaluate the thermal transitions of the polymers. The prepared polymers showed glass transition temperatures (T g ) in the range of 193-214 °C. None of the polymers showed clear melting endotherms in the DSC thermograms. This can be attributed to the amorphous nature of the polymers. Thermogravimetric analysis in N 2 at a heating rate of 5 °C/min was used for evaluation of thermal stability. The temperature for 10% weight loss (T 10% ), which is a good criterion for the estimation of thermal stability of the polymers, was in the range of 388-420 °C. The results of thermal analysis are presented in Table 3 . To evaluate the amount of crystallinity in the polymers, the wide-angle X-ray diffraction patterns of the polymers in the region of 2θ=10-40° at room temperature were studied. The crystallinity of the polymers was below 10% (according to the data obtained from the instruments and calculation of area of the peaks) and, therefore, they were almost amorphous.
Tab. 3.

Experimental
Materials and instruments
All the required chemicals were either prepared in the author's laboratories or purchased from Fluka and Merck chemical company. N,N′-dimethyl acetamide (DMAc) was dried by distillation under reduced pressure over CaH 2 .
Dichloromethane was dried by distillation over CaH 2 . Dichloropyridine was recrystallized from ethanol.
Fourier transform infrared (FTIR) spectra were recorded on a Shimadzu-8300 spectrometer. 1 H NMR spectra were recorded on a Bruker-Avance DPX 250 MHZ instrument using DMSO-d 6 and CDCl 3 as solvents. Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) analysis were preformed on mettler TA 4000 with heating rate 5 °C/min in N 2 . Elemental analysis was performed on Thermo-Finnigan Flash EA 1112. Mass spectra were recorded on a Shimadzu GSMS-QP 1000 EX. Wide-angle X-ray diffraction measurements were performed at room temperature on a Bruker -D8 X-ray diffractometer (operating at 40 KV and 30 mA) with graphite monochromatized Cu Kα radiation (λ=1.54118 Å). The scanning rate was 2°/min over range of 2θ = 10-40°. Melting points were determined in open capillaries with a Buchi 535 instrument. Inherent viscosity of each sample was determined for a solution of 0.5 g/dl in NMP at 30 °C using a Cannon-Fenske viscometer.
Preparation of Monomer
-2,6-Bis(3-carboxyphenoxy) pyridine A 3.9 g (100 mmol) KOH, 30 ml DMSO, and 3-hydroxy benzoic acid (6.9 g, 50 mmol) and enough dry toluene for an azotropic distillation were placed in a 100 ml, two-necked, round-bottomed flask equipped with a Dean-Stark trap, a condenser, a stirrer bar, and a nitrogen inlet tube. The mixture was heated at reflux for 3-4 h for removing the water from the reaction mixture. It was cooled to room temperature and then dichloropyridine (3.6 g, 24 mmol) was added. The mixture was heated at 145-150 °C for 60 h. After cooling the reaction solution, it was poured in water and acidified with hydrochloric acid until pH 3 is reached. The slurry was stirred and then filtered. The crude solid was washed with water. In the next step, dried crude product was poured in 30 ml ether and refluxed for 30 min, washed with ether, and then filtered. The obtained diacid was dried in a vacuum oven at 60 °C; the yield of the reaction was about 81% (6.9 g), decomposition point 225 °C. In a round-bottomed flask equipped with a reflux condenser, a calcium chloride guard, and a stirrer bar, a mixture of 2,6-bis(3-carboxyphenoxy) pyridine (1.00 g, 2.8 mmol) and dry dichloromethane (20 ml) was prepared in an ice bath. Oxalyl chloride (0.5 ml) was added to the mixture even as the temperature was kept at 0 °C. The mixture was heated to reflux for 8 h until a clear solution was provided. The solvent was boiled off and heated to 50 °C under reduced pressure; then an oily brown product was obtained. It was crystallized from toluene and dichloromethane (yield: 92% A two-necked flask equipped with a dropping funnel and a gas inlet tube was charged with a solution of aniline (0.52 g, 5.6 mmol) and triethylamine (2 ml) in DMAc (10 ml). 2,6-bis(3-chlorocarbonylphenoxy)pyridine (DAC) (1.00 g, 2.8 mmol) dissolved in DMAc (10 ml) was added dropwise to the solution at 0 °C under N 2 . The mixture was then stirred at ambient temperature for 6 h while maintaining a stream of N 2 . It was poured into a 70/30 ethanol/water solution, filtered off, and recrystallized from acetone and water (yield 95%). 
Preparation of Polymer
A two-necked flask equipped with a dropping funnel and a gas inlet tube was charged with a solution of benzidine (1 g) in DMAc (5 ml). Triethylamine (2 ml) was added to the solution. DAC (2 g) dissolved in DMAc (10 ml) was added dropwise to the solution at 0 °C under N 2 . The mixture was stirred at ambient temperature for 6 h under a stream of N 2 . It was poured into water and the solid was filtered off, washed with methanol, and resolved in minimum amount of DMAc and again precipitated in water, filtered, and vacuum dried at 100 °C.
Solution polycondensation was chosen as a procedure for preparation of all polyamides using diacid chlorides and diamines. Yields and other data are shown in Table 1 .
